Introduction
Lanthanide chemistry has come under increasing study. In last few years, the experimentalists have sought to exploit their unique chemical and magnetic properties for variety of advanced materials, catalysis, and biomedical applications [1] [2] [3] [4] . Especially rapidly increasing area is connected with luminescence properties of lanthanide- The other area of using lanthanide complexes is magnetic resonance imaging (MRI) contrast agents 5 . The high-spin paramagnetism and long electronic time relaxation time of Gd 3+ has made it pre-eminent among contrast agent for MRI 7, 8 .
Related complexes of Dy and Tm -with much stronger electronic relaxation timesare effective NMR shift reagents 9 . The controlled modulation of Lewis acidity across the series is allowing the development of complexes exhibiting phosphatase activity 10 ,
while the redox activity of cerium, samarium, and europium may be expected to allow the development of further selective oxidants and reductants.
Lanthanide complexes in solution exhibit a well-defined luminescence that is characterized by narrow emission bands, large Stokes' shifts, and long excited-state lifetimes. Europium and terbium complexes possess excited-state lifetimes in aqueous solution of up to 5ms and emit in the red and green; they have been used as probes in fluoroimmunoassays 10, 11 and show considerable promise in luminescence imaging and as sensors for certain bioactive ions 12 . The near-IR emission from the excited state , and Er 3+ is less long-lived, but complexes of these ions offer much promise as probes in vivo as tissue is relatively transparent to incident light with a wavelength around 1000 nm.
In the past few years several excellent reviews have appeared detailing aspects of the structure and solution dynamics of contrast agents 7, 8, 17 , biomedical and NMR applications 7, 8, 14 , complex design features 15 , thermodynamic aspects of complex formation 7, 16 , the development of luminescent lanthanide complexes operating in aqueous media 10, 11, 17 , and the diagnostic and therapeutic uses of lanthanidetexaphyrin and -porphyrin complexes 18, 19 .
Compounds of gadolinium (Gd) are currently used as commercial MRI contrast agents. If the structure of potential contrast agents could be successfully determined, the relationship between chemical properties and relativity, which is current unclear, could be deducted and improved agents developed. Similarly, rational design of lanthanide complexes with important application in other areas could be pursued.
Chelation combined with solvent extraction is one of the most widely used techniques for preconcentration and separation of metal ions from aqueous samples for analytical purposes 20 . These solvent extraction procedures, however, are usually time consuming, especially for solids where leaching procedures are needed to release the metal ions before complexation and solvent extraction. The complex stabilities are very important for the development of new efficient methods of separation of lanthanides from solution. It is well known that the separability depends on the stability constants of the complexes formed 21 .
The above-listed applications require the development of lanthanide chelates with carefully tailored chemical, structural and spectroscopic (or magnetic) properties.
Thus, the aim of the present work is the development of predictive QSPR models of stability constants for lanthanide complexes with organic ligands. Such models enable to make reliable predictions of the stability constants for previously unknown complexes and to elucidate the structural factors determining the stability of complexes.
Literature overview

OSPR modeling
The beginning of QSPR dates back more then a century. In 1884 Mills developed a QSPR for prediction the melting points and boiling points of homologous series 22 . Similar pioneering work followed shortly after on quantitative structure activity relationships (QSAR) in studies of relationships between the potency of local anesthetics and oil/water partition coefficient 23 , and between narcosis and chain length 24 .
QSPR models are empirical equations, used for estimating various physical or thermodynamic properties of molecules. A QSPR model has the form The number of PCs (scores) exiting in characteristic vector space is equal to, or less than, the number of variables in the data set. Each and every PC is orthogonal to all the other PCs. The first principal component is defined as that giving the largest contribution to the respective PCA of linear relationship exhibited in the data. The second component may be viewed as the second best linear combination of variables that accounts for the maximum possible of the residual variance after the effect of the first component is removed from the data. Subsequent components are defined similarly until practically all the variance in the data is exhausted.
PCA allows the examination of set of characteristics (variables) of class of compounds (objects) to investigate the relations between them. It enables the identification of one, two, three, or more PCs derived from the characteristics for the compound examined. These components have defined values for each of the compounds ( t 1i , t 2i , t 3i , the "scores") and are taken in certain proportions (p 1k , p 2k , p 3k , etc., the "loadings") for each type of characteristics. Graphical representations of these values, the "scores" plot for the compounds and the "loadings" plot for the characteristics, provide pictures that allow the recognition of systematic patterns that is otherwise difficult to deduce from the original data matrix.
Examples of some of applications of PC analysis in heterocyclic chemistry include investigations of (i) aromaticity 32, 33, 34, 35 and of (ii) simultaneous dependence of S N 2 rates on alkyl group structure and leaving group nucleofugacity in nucleophilic displacements in which heterocycles act as leaving groups 36, 37 . A multivariate statistical treatment was used for solvent characteristics where large numbers of solvents and many scales new dimensions to the problems generally investigated in LFERs.
Data set
The data set of experimental stability constants of complexes between lanthanide ions and structurally variable organic ligands was compiled from the literature (cf. references from Table 1 ). The 1:1 complex formation between a ligand L n and a cation M 3+ is given by
For the QSPR model development, the logarithmic constants logK 1 were used, where K 1 is defined as follows: Table 1 gives the list of the 66 different organic ligands that were selected for the present QSPR study, each with 6 or more data points. Tables 2 and 3 include the additional information about the chemical structure of the organic ligands used. In Table 4 , the 23 different metal descriptors that were used in present QSPR study are listed. 
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Meethodology 4.1 QSPR modeling
The geometrical structure of ligand molecules was optimized using the AM1 38 method within the MOPAC 39 program package. The geometry and other information from the output of quantum chemical calculations were inserted into the CODESSA 40 program, and descriptors for ligands were calculated. All these descriptors are derived solely from molecular structure and do not require experimental data to be calculated. Various data on physical properties were used as the descriptors for metals ( Table 4 ). The CODESSA program was then used to find the best QSPR multilinear equations with 2, 3, or 4 descriptors depending on the size of the data set for a series of ligand complex with a given metal.
Analogously, the QSPR equations were developed for a series of metal complexes with a given ligand. Both Heuristic and Best Multi-Linear correlation algorithms available in the CODESSA were used. The respective methodology has been described elsewhere 41 . The CODESSA program has already been successfully applied to correlate molecular structure with various properties including melting points 42 , response factors 43 , critical micelle concentrations 44, 45 , aqueous solubility of gases 46 , glass transition temperatures of polymers 47 , and solvent polarity scales 48 .
Principal component analysis
A multivariate statistical treatment is particular suitable for determining the ligand characteristics. The initial data set contained 14 lanthanides and 63 organic ligands. The matrix used is given in Table 5 .
All missing values in this matrix was predicted with program CODESSA, as describe above, thus providing a complete matrix 63 x 14 suitable for a general principal component analysis of ligand properties. PCA was carried out using the SIMCA-P 9.0 program package with these 63 ligands as variables, each having 14 data point for the 14 metals (objects). Table 6 lists the percentage of variance covered by different components. The first principal component is responsible for 64.3% of variance, the second for 15.2%; the third for 7.2% and the fourth for 4.6%; these four components thus account for 91.3% of the total variance. The next three make up 1.3% -2.7% each, so the total variance covered by seven components is 97.5 %. Thus it appears that four major orthogonal components determine how different functional groups of ligand take part in complex formation; probably some less important interactions are described by minor components.
Results and discussion
In Tables 5 and 6 , the results of the QSPR treatment are summarized for the series of the organic ligands and the lanthanides, respectively. In the first column of Table 7 , the ligands are listed in order given in Table 1 , and the second column in both Tables 5 and 6 The notations of the descriptors that were used in equations of Table 7 are listed in Table 4 . The notations of the descriptors that were used in equations of Table 8 are presented in Table 9 . All descriptors from Table 4 are different properties of lanthanides. The descriptors in Table 9 can be divided into six Table 9 . Descriptors used in the QSPR models for lanthanides Notably, the overall fitness of the QSPR models with metals as variables is excellent (Fig. 1) . Thus, the prediction of logK 1 in cases when the QSPR equation is known for a given organic ligand would be very reliable. On the other hand, the predictions from the QSPR models with ligands as variables are less precise ( Figure 2 ). This is, however, not unexpected bearing in mind large structural variability of the organic ligands used. PCA grouped ligand by they property. Table 10 Table 1 . These ligands have two functional groups, with good complex formation ability.
The bonding between functional groups and metal ion is strong.
(III) The five ligands have medium to large negative loadings for the first component and small to medium positive loadings for second component. These ligands have two or more functional groups, but with different ability to give bonds with metals, or between some of these group is intermolecular bonds and they didn't take part in complex formation.
(IV) The two ligands have medium positive loadings for the first component and medium to large positive loadings for the second component.
These ligands have in the main structure heteroatoms, which can participate in complex formation, but with weak bonds.
(V) This large group of ligands has large positive loadings for the first component and medium positive to negative loadings for the second component.
These ligands have in structure heteroatoms, which can give strong bond with metal, and two or more functional groups with good complex formation ability.
(VI) The three ligands have medium positive to negative loadings for the first component and large negative loadings for the second component. In these ligands the nitrogen, which can participate in complex formation, is partially blocked.
The scores of the first four principal components for the 14 metals are presented in Table 11 . 
Conclusions
We have demonstrated that the theoretical molecular descriptors can been successfully applied in the development of predictive QSPR models for the stability constants of lanthanide (III) -organic complexes. These constants are also well correlated with various physical properties of lanthanide metals used as the descriptors characterizing the metal ions in the series of data for a constant organic ligand. A satisfactory correlation was found between the stability constants for previously unmeasured complexes predicted from the QSPR equations for a constant ligand and a constant metal ion, respectively.
Present results of PCA analysis allow classify and group metal and ligands in to separately groups. 
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